Abstract: Point-of-care (POC) CD4 testing was implemented at a stand-alone HIV voluntary testing and counseling centre in Harare, Zimbabwe. To validate the use of this new technology, paired blood samples were collected from 165 patients either by a nurse or a laboratory technician and tested using POC and conventional laboratory CD4 machines. Finger prick (capillary) blood was collected directly into the PIMA POC CD4 Analyzer cartridges and tested immediately, whereas venous blood collected into evacuated tubes was used for CD4 enumeration on a Becton Dickinson FACSCalibur. There was no significant difference in mean absolute CD4 counts between the POC PIMA and Becton Dickinson FACSCalibur platforms (+7.6 cells/mL; P = 0.72). Additionally, there was no significant difference in CD4 counts between the platforms when run by either a nurse (+18.0 cells/mL; P = 0.49), or a laboratory technicians (23.1 cells/mL; P = 0.93). This study demonstrates that POC CD4 testing can be conducted in a voluntary testing and counseling setting for staging HIV-positive clients. Both nurses and laboratory technicians performed the test accurately, thereby increasing the human resources available for POC CD4 testing. By producing same-day results, POC CD4 facilitates immediate decision-making, patient management and referral and may help improve patient care and retention. POC CD4 may also alleviate testing burdens at traditional central CD4 laboratories, hence improving test access in both rural and urban environments.
and, by the end of 2009, an estimated 215,000 were on ART within the public sector. 10 There is clearly a need to increase access to ART services and improving CD4 access may help.
In Zimbabwe, the ''New Start'' voluntary testing and counseling (VCT) centers (also known as client-initiated testing and counselling centers) are established by the Ministry of Health and Child Welfare in partnership with Population Services International (PSI) and provide free rapid HIV testing services to more than 360,000 clients nationwide on an annual basis. Clients testing positive at VCT centers are then referred to Opportunistic Infection (OI) clinics for HIV care and ART if eligible. After enrollment at the OI clinics, patients are scheduled for a CD4 count test. Due to high demand, delays in CD4 testing can occur for 2-3 weeks on average. There is substantial loss-to-follow-up of patients between HIV diagnosis and registration at the OI clinics and delays in CD4 testing can result in further loss of patients who do not return or who die before initiating treatment. The situation is exacerbated in rural areas where more limited CD4 access creates a significant bottleneck to the scale up of ART.
The recently developed PIMA point-of-care (POC) CD4 test system (Alere, Waltham, MA) conducts CD4 tests within 20 minutes of sample collection from a finger-prick drop of blood. The test can be conducted by nonlaboratory staff, and testing does not require laboratory infrastructure. We evaluated the use of the PIMA system in a VCT setting by comparing its performance against conventional laboratory-based CD4 testing. The ability of both nurses and laboratory technicians to run POC CD4 tests was also evaluated.
METHODS

Study Population
Newly diagnosed HIV-positive male and female participants were recruited for the study at the PSI ''New Start'' VCT center at New Africa House in Harare between December 16, 2009 , and January 20, 2010. The center provided HIV counselling and testing services to approximately 45,000 walk-in and out-reach adult clients in 2009, of whom 52% were female and 48% were male. Approximately 9000 clients (20%) tested HIV positive in 2009. This study was approved by the Medical Research Council of Zimbabwe. All participants provided written informed consent. Inclusion criteria included documented HIV infection and national identification. Exclusion criteria included serious medical conditions which might disrupt the accuracy of normal laboratory analysis and its interpretation; however, no potential participant met this criterion. There was no exclusion on the basis of gender, socioeconomic, racial, or ethnic grounds.
Study Design
This was a cross-sectional study. Consecutive clients attending the PSI New Start VCT center were recruited for enrollment into the study during post-test counseling (PTC). Figure 1 illustrates how POC CD4 testing was integrated into the routine VCT clinic workflow. A target sample size of 150-200 study participants was set to ensure the accuracy of the bias analysis. Clients agreeing to participate provided signed consent (in Shona or English) and demographic information including gender and birth date. They then underwent immediate CD4 testing with the PIMA device followed by a blood draw by venipuncture for laboratory CD4 testing on a Becton Dickinson (BD) FACSCalibur (Becton-Dickinson, Franklin Lakes, NJ). Half of the study participants were tested on the PIMA device by nurses and the other half by laboratory technicians. Both the nurses and laboratory technicians were VCT staff who routinely carry out rapid HIV testing on clients attending the center.
Patients were not provided the PIMA CD4 result but instead received the reference laboratory FACSCalibur CD4 result when this was available, which was generally within 2-3 days. During the study, each participant was assigned a unique study identification number to link the results from the 2 tests performed on each patient and to ensure patient anonymity. To ensure blinding of the results, the technicians performing testing on the PIMA devices were not the same technicians performing the laboratory CD4 tests, and test records for each platform were kept separate.
PIMA CD4 Testing
For PIMA testing, each participant provided 1-2 drops of blood by lancet finger stick that were collected directly from the finger tip into the PIMA CD4 cartridge. A puncture depth of 1.8 mm with a blade-type lancet (Sarstedt) was used to achieve sufficient capillary blood flow. The PIMA cartridge collected the blood in a 25 mL receptacle. Of this initial volume, 5 mL of blood was drawn into the PIMA cartridge and further used for cytometric analysis. The cartridge was capped and inserted immediately into the PIMA analyzer to run the test. During the analysis process, the blood was automatically mixed with freeze-dried fluorescently labeled antibodies (anti-CD3 and anti-CD4) contained in the cartridge and transferred to a detection chamber where images were taken of the labeled cells to calculate the number of CD4 cells per mL of blood.
The results were printed and recorded after each test. Two PIMA instruments were used for the study, and each device was used equally by nurses and laboratory technicians. All test operators were formally trained on the PIMA device and sample collection methodology for half a day, and only trained operators were permitted to run tests. On each day of testing, manufacturer-provided internal quality control cartridges (normal and low CD4) were run on both instruments and were required to pass before testing proceeded.
Laboratory CD4 Testing
A second 2-3 mL blood specimen collected from each consenting participant via venipuncture into an evacuated K 3 EDTA tube was sent for testing at the National Microbiology Reference Laboratory at Harare Central Hospital. The samples were tested on a BD FACSCalibur flow cytometer on the same day of collection using TriTest CD3/4/45 reagents and TruCount tubes. The CD4 results were sent back to the VCT center to be given to the study participants. Daily calibration and internal quality controls were also run on the FACSCalibur and were required to pass for CD4 data to be used in the study. The FACSCalibur was also enrolled in CD4 external quality assessment schemes via the United Kingdom National External Quality Assessment Service (NEQAS) and the South African National Health Laboratory Services CD4 External Quality Assessment Programme, and had passed assessments over the preceding 12 months.
Statistical Analysis
The accuracy (bias and limits of agreement) of the PIMA device in comparison to the BD FACSCalibur was evaluated using the Bland-Altman method. Data were analyzed using SAS software (SAS Inc, Cary, NC).
Misclassification of ART eligibility was calculated using 2 3 2 tables to determine the percentage of patients who would be misclassified by the PIMA result as being below or above ART eligibility CD4 thresholds of 200 and 350 cells per microliter, compared with results from the FACSCalibur. Table 1 contains summary characteristics of the study population tested with the PIMA device. The sample population was likely to have been representative of the actual client population at the VCT center in terms of age and gender distribution as participants were enrolled consecutively from all HIV-positive walk-in clients over the course of 5 weeks without preselection by the investigators.
RESULTS
Bias Analysis
Bland-Altman plots of the differences between paired PIMA and FACSCalibur results are displayed in Figure 2 . The mean bias of the PIMA device was +7.6 cells per microliter relative to the FACSCalibur (95% CI: 26.6 to +21.8; P = 0.72), with 95% limits of agreement from 2173.8 cells per microliter (95% CI: 2198.4 to 2149.1) to +189.0 cells per microliter (95% CI: +164.4 to + 213.7) (Fig. 2A) . The bias was small at both low (,400 cells/uL) (Fig. 2B ) and high (.400 cells/uL) CD4 counts: +8.6 cells per microliter (95% CI: 22.1 to +19.2; P = 0.54) and +2.4 cells per microliter (95% CI: 251.8 to +56.6; P = 0.96), respectively. Limits of agreement for the bias in these subsets ranged from 2115.8 to +132.9 cells per microliter and 2254.9 to +259.7 cells per microliter, respectively.
The performance of the PIMA device when operated by nurses or laboratory technicians was similar (P = 0.15). When testing was conducted by a laboratory technician, the bias of the PIMA device relative to the FACSCalibur was 23.1 cells per microliter (95% CI: 226.0 to +19.8; P = 0.93) (Fig. 2C) . When testing was carried out by a nurse, the bias was +18.0 cells per microliter (95% CI: +0.6 to +35.3; P = 0.49) (Fig. 2D) . The limits of agreement for the 2 cadres were: 2205.9 to +199.7 There was no significant difference between the bias of the 2 PIMA devices used in this study (P = 0.623), hence, inaccuracy inherent to individual instruments is unlikely to have significantly influenced the results. For PIMA device 1, the bias relative to the FACSCalibur was +11.1 cells per microliter (95% CI: 26.4 to +28.5; P = 0.66) and for device 2, the bias was +3.9 cells per microliter (95% CI: 219.3 to +27.1; P = 0.91). The limits of agreement were: 2148.8 to +170.9 cells per microliter (device 1) and 2199.2 to +206.9 cells per microliter (device 2). Both devices passed internal normal and low controls on each of the testing days and demonstrated high accuracy and repeatability with control samples (Table 2) .
Misclassification Analysis
Using an ART initiation threshold of 200 cells per microliter, 2.4% of patients (4 of 165) were misclassified above this threshold by PIMA compared with the FACSCalibur, whereas 4.2% of patients (7 of 165) were misclassified below the threshold (total misclassification of 6.7%) ( Table 3) . Restricting the analysis to FACSCalibur results close to the threshold (100-300 cells/mL) increased the total misclassification to 13% (4% above and 9% below the threshold; Table 4 ). The misclassified results are listed in Table 5 . Using a threshold of 350 cells per microliter, 4.2% of patients (7 of 165) were misclassified above the threshold, and 2.4% of patients (4 of 165) were misclassified as below the threshold (total misclassification of 6.7%) ( Table 6 ). Limiting the analysis to FACSCalibur results between 200-500 cells/mL increased the misclassification to 14% (8% above and 6% below the threshold; Table 7 ). Differences between PIMA and FACS Calibur results were higher in this subset of misclassified samples, with 5 of 11 misclassified samples differing by more than 100 cells (Table 8) .
DISCUSSION
An important bottleneck to the scale up of HIV antiretroviral treatment services in Zimbabwe is access to diagnostics for identifying and staging patients. The widespread implementation of POC HIV rapid tests in VCT settings over the past decade has made it easier for individuals to access HIV screening services and subsequently care and treatment services. Access to CD4 testing has not been as widespread, especially in rural areas. Despite substantial investment in setting up CD4 laboratories, many rural patients need to travel long distances to reach testing centers and may have to make 2-3 visits before the test process is complete and results are available. At some OI clinics, there are waiting lists for CD4 testing. The coupling of POC HIV and CD4 test services in a VCT setting provides an opportunity to rapidly diagnose and assess ART eligibility in a single visit. Patients with severe immunodeficiency can also be prioritized for immediate follow-up.
This study has demonstrated that PIMA POC CD4 testing conducted in a VCT setting can produce results similar to those obtained with a laboratory-based flow cytometer. The study also demonstrated that capillary blood samples collected by finger prick are acceptable for testing with the PIMA CD4 device and yield results that are within acceptable limits of conventional CD4 testing. The bias was negligible, with a slight upward average bias of less than 10 cells per microliter at both high and low CD4 counts. The misclassification of patients at ART thresholds of either 200 or 350 cells per microliter was small with less than 10% upward or downward misclassification and less than 15% overall misclassification. Further analysis is required to establish standard thresholds for acceptable misclassification. The limits of agreement and discordance between individual PIMA and FACSCalibur results in this study were similar to that observed and accepted in other comparisons of conventional CD4 technologies. [11] [12] [13] [14] Discordance is likely to be attributable to error caused by variations in blood collection or pipeting. 15 There was no difference between the performance of nurses and laboratory technicians on the PIMA device, demonstrating that laboratory technicians are not necessary to operate the instrument and that it can be used in nonlaboratory settings. Future studies should evaluate the performance of lay counselors and other lay staff in conducting POC CD4 testing.
In this study, we introduced POC CD4 testing within the workflow of routine HIV rapid testing services at a busy VCT center. Within an additional 30 minutes, clients were able to receive a CD4 test immediately after their HIV test. We demonstrated that by incorporating an offer of CD4 testing within post-test counseling, almost all eligible clients accepted, even within the context of a study and the need to provide informed consent. If CD4 testing is offered as a service in routine VCT settings, uptake rates are likely to be high. We also observed an unexpected 13% increase in client flow during the period of the study which may have been This study used finger-prick blood samples for testing on the PIMA device. One of the drawbacks of finger-prick testing is that VCT clients may be subject to up to 3-4 separate lancet pricks to complete HIV screening and subsequent CD4 testing. It is not yet clear if this level of discomfort will discourage patients from testing, and further studies are needed to assess the acceptability of multiple finger sticks. It is also possible to test blood collected in tubes by pipetting a sample into the PIMA test cartridge. If HIV screening is routinely conducted on blood collected by venipuncture into tubes, PIMA CD4 testing can be conducted with blood from the same tube, and finger prick sampling is not required. However, finger-prick testing is faster and not dependent on the availability of trained phlebotomists. It is important to ensure that PIMA test operators are well trained on fingerprick sample collection. Preliminary observations in this study suggest that incorrect finger-prick sampling affects the reliability of POC CD4 results. The test operators in this study were highly experienced at finger-prick blood collection from HIV rapid testing, and this may have contributed to the overall high performance of the PIMA device. Future studies should evaluate the machine in the hands of less experienced operators.
CONCLUSIONS
This study has demonstrated that POC CD4 testing can be integrated into a VCT setting and that the PIMA POC CD4 system, whether operated by a nurse or a laboratory technician, performs acceptably compared with the BD FACSCalibur for absolute count CD4 testing. The implementation of POC testing in VCT clinics may help improve access to ART for patients in need, especially for rural populations and populations accessible mainly through mobile and outreach health services. 
